recovery is a multimodal approach to postoperative analgesia, of which local anesthetic (la) infiltration techniques have become an increasingly popular component. Given the lack of evidence for simple subcutaneous la wound infiltration, 4 novel infiltration techniques have been developed to improve either the efficacy or duration of action of la. in the place of simple subcutaneous infiltration, transversus abdominis plane (taP) blocks have been developed to target the lower 6 intercostal afferent nerves that innervate the abdominal wall. 5 similarly, some authors advocate instillation of intraperitoneal la as an improved anesthetic route compared with simple subcutaneous infiltration. 6 a major drawback of a single administration of la intraoperatively is the limited duration of action. in an endeavor to prolong the duration of action, wound catheters delivering continuous or intermittent boluses of la have been developed. Various novel techniques have been described for administering la, including delivery using ultrasound guidance, or surgeon-delivered la under direct vision during open and laparoscopic surgery. [7] [8] [9] meta-analyses demonstrate that both taP blocks and wound catheter la techniques reduce opiate consumption, pain scores, and postoperative nausea and vomiting. [10] [11] [12] [13] [14] however, all meta-analyses to date have included a variety of different types of abdominal surgery (including caesarean delivery, hepatic resection, midline laparotomy, and laparoscopic cholecystectomy). this practice of pooling data from a diverse range of operations has attracted some criticism. [15] [16] [17] [18] the procedure specific postoperative management (PRosPeCt) working group aimed to provide analgesic recommendations and published guidance for open colorectal surgery in 2010. Continuous wound infiltration was not routinely recommended because of limited/inconsistent evidence, but the PRosPeCt suggested that it may be an alternative for those in whom an epidural in contraindicated. 19 more recently, PRos-PeCt also published recommendations for laparoscopic colorectal surgery. 20 they recommend one-off la infiltration on the basis of transferable evidence from other laparoscopic abdominal procedures. the authors recommend further investigation specifically into the role of taP block and continuous wound infiltration in colorectal surgery. 20 the aim of this study was to evaluate these novel la techniques in open and laparoscopic colorectal surgery.
METHODS
a prospective study protocol was recorded on the PRos-PeRo register of systematic reviews (http://www.crd.york. ac.uk/PRosPeRo/) (trial no. CRD42013003839). a literature search was conducted according to the PRisma recommendations. 21 an electronic search of ovid medline/ Pubmed, emBase, and the Cochrane library was performed on february 10, 2013 . to reduce potential publication bias, trials registered at www.clinicaltrials.gov were also searched. the search was limited to humans and trials published after 1990, but no language restrictions were applied. the electronic search was supplemented with a manual search of bibliographies from included papers. the search terms were as follows: mesh terms "Colorectal surgery" oR "laparotomy" oR "colectomy" oR keyword "laparoscopic colorectal surgery" anD mesh terms "local anesthesia" oR "local anesthetics" oR "lignocaine" oR "bupivacaine" anD mesh term "Postoperative pain."
Study Selection
the study inclusion criteria were as follows: randomized controlled trials in adult humans (>16 years) undergoing open or laparoscopic colonic or rectal resection (including hemicolectomy, colectomy, anterior resection, abdominoperineal resection) for neoplastic or benign disease. exclusion criteria were as follows: nonrandomized trials, children <16 years, pharmacodynamics/kinetic studies, and irrelevant techniques. included interventions included taP block, intraperitoneal la instillation, and la infiltration by wound catheters. excluded interventions include subcutaneous la infiltration, infiltration of drug other than local anesthetic (eg, nonsteroidal anti-inflammatory drug), neuraxial analgesia, and intravenous la. the comparator group was defined as placebo/routine analgesia.
Data Extraction
abstracts meeting the inclusion criteria were reviewed by 2 authors using a predefined data extraction proforma (see Table, Supplemental Digital Content 1, http://links.lww. com/DCR/a123). the 2 authors independently assessed the quality and potential bias of each paper by using a modified 15-point score adapted from criteria used by Chalmers, Jadad, and colleagues. [21] [22] [23] [24] Data were extracted for synthesis either directly from the article, extrapolated from graphs with the use Plot digitizer (www.plotdigitizer.sourceforge.net), or, if not possible, the corresponding authors were contacted to supply the raw data (author contact; see Table, Supplemental Digital Content 2, http://links.lww.com/DCR/a124).
if not available, mean and sD were estimated from median, range and group number. 25 
OUTCOME MEASURES
Primary Outcome the primary outcome was intravenous equivalent morphine consumption in milligrams at 24 hours postoperatively. alternative opioids were converted to intravenous morphine equivalent doses by using recognized conversion ratios. [26] [27] [28] Secondary Outcomes the morphine or opioid equivalent dose at 48 hours was recorded. Pain numerical rating scale (nRs) was compared between treatment groups at 24 and 48 hours on movement and at rest. all nRs values were converted to a continuous 0 to 10 scale (ie, if a visual analogue scale of 0-100 mm was used, this was converted to a 0-10 scale). Data reported as median and range were converted to mean and sD assuming a log normal data distribution. 14, 25 outcomes of recovery were as follows: postoperative nausea and vomiting (PonV), urinary retention, days until first passage of flatus and stool, days until resumption of oral diet, and length of stay (days). Complication outcomes were as follows: wound infection, pulmonary complication, venous thromboembolism, ileus (bowels not open for >5 days and/or insertion of nasogastric tube), and anastomotic leak.
Subgroup Analysis
to provide conclusions pertinent to each analgesic modality/regimen, together with pooled analysis, each analgesic modality (eg, taP block, wound catheter, intraperitoneal la) was analyzed separately. subgroup analysis was performed according to the anatomical layer of wound infiltration (intraperitoneal, taP, sub-or suprafascial/ subcutaneous). subgroup analysis was also performed according to type of surgery: laparoscopic or open surgery.
Statistical Methods
the data were either extracted or sought from authors; the data were then entered forward for meta-analysis. analysis was performed by using Revman (Version 5.1.7. the Cochrane Collaboration 2011, Copenhagen). Dichotomous variables were appraised by using a pooled oR. Continuous variables were analyzed by using a weighted mean difference (WmD) with weighting according to sample size. a random effect Dersimonian-laird model was chosen to provide the most conservative effects estimate. Results were presented with 95% Cis and heterogeneity was assessed by using t 2 , χ 2 , and I 2 . heterogeneity was considered significant if p < 0.1 and classified as low (I 2 <50%), moderate (I 2 51%-75%), and high (I 2 >75%).
RESULTS
the results of the literature search are outlined in figure 1 . twelve trials were entered into the meta-analysis and are summarized in table 1. [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] all studies were assessed formally for bias ( fig. 2 ). 
Secondary Outcomes
Opiate Requirements at 48 Hours. at 48 hours, there was a significantly lower opiate requirement in the la group (7 trials, 622 patients, I 2 = 80%; WmD -15.5mg, -25.3 to -5.6; p = 0.002) ( fig. 4 ). 29 Pain Numerical Rating Scores there was no overall difference in pain nRs on rest at 24 hours (11 trials, 842 patients, I 2 = 84%; WmD -0.5, -1 to 0.1; p = 0.1) 29, 30, [32] [33] [34] [35] [36] [37] [38] [39] [40] or 48 hours (9 trials, 742 patients, I 2 = 70%; WmD -0.08, -0.5 to 0.4; p = 0.7). 29, 30, 32, 33, [35] [36] [37] [38] 40 in subgroup analysis, la administered by a subfascial wound catheter yielded lower pain scores at 24 (3 trials, 147 patients, I 2 = 7%, WmD -1.1, -1.7 to -0.4; p = -0.001) but not 48 hours. 30, 36, 40 on movement, pain scores on movement were significantly lower in the la group at 24 hours (7 studies, 637 patients, I 2 = 91%; WmD -1.1, -2 to 0.2; p = 0.02) ( fig. 5) 30, [32] [33] [34] [38] [39] [40] and 48 hours (5 studies, 537 patients, I 2 = 47%, WmD -0.7, -1.2 to -0.2; p = 0.004) ( fig. 6 ). 30, 32, 33, 38, 40 subgroup analysis showed lower pain scores in the la suprafascial wound catheter group at 24 (2 studies, 380 patients, I 2 = 0%; WmD -0.7, -1.1 to -0.3; p = 0.001) and 48 hours (2 studies, 380 patients, I 2 = 0%; WmD -0.5, -0.9 to -0.1; p = 0.02). 32, 38 Recovery Outcomes la wound infiltration was associated with a significant reduction in length of stay (9 studies, 755 patients, I 2 = 0%; WmD -0.6, -1.1 to 0.1; p = 0.02) ( fig. 7) . 29, 30, 32, 33, [35] [36] [37] [38] [39] no difference in PonV was detected between the la infiltration and comparator groups (10 studies, 777 patients, I 2 = 51%; oR 0.7, 0.4-1.4; p = 0.3). 29, 31, 32, 34, [36] [37] [38] [39] [40] there was a significant reduction in PonV when la was administered by taP block in open surgery (2 studies, 72 patients, I 2 = 0%; oR 0.2, 0.1-0.7; p = 0.01) ( fig. 8 ). 31, 34 local anesthetic infiltration was associated with a shorter period until resumption of oral diet (3 studies, 150 patients, I 2 = 36%; WmD -0.5 days, -1 to 0.04; p = 0.03). 33, 36, 37 there was no difference between groups in the time until bowel opening 29, 30, 32, 33, [35] [36] [37] or in the time to passage of flatus. 30, 32, 33, 35 in subgroup analysis, la administered via subfascial wound catheter was associated with a shorter period to passage of stool (2 studies, 92 patients, I 2 = 46%; WmD -0.8 days, -1.5 to 0.03; p = 0.04). 30, 36 Complication Outcomes in 9 studies reporting wound complications (infection/dehiscence/hematoma), there was no difference between the 2 groups with 32 wound complications in the la group (total of 370 patients) compared with 32 in the control group (398 patients) (oR 1.1, 0.6-1.8; p = 0.8). 29 30 Wang et al 2010 40 Subtotal (95% CI) Heterogeneity: Tau 2 = 0.00; χ 2 = 0.70, df = 1 (p = 0.40) I 2 = 0% Test for overall effect: Z = 3.47 (p = 0.0005) 38 Subtotal (95% CI) Heterogeneity: Tau 2 = 0.00; χ 2 = 0.96, df = 1 (p = 0.33); I 2 = 0% Test for overall effect: Z = 3.22 (p = 0.001) Heterogeneity: Tau 2 = 0.14; χ 2 = 7.54, df = 4 (p = 0.11); I 2 = 47% Test for overall effect: Z = 2.92 (p = 0.004) Test for subgroup differences: χ 2 = 1.20, df = 3 (p = 0.55); I 2 = 0% with 23 of 339 patients in the control group (oR 0.9, 0.4-2.1; p = 0.8). 29, 33, [36] [37] [38] [39] [40] in 5 studies reporting anastomotic leak, there was no difference between groups with 3 of 129 patients in the la experiencing anastomotic leak compared with 3 of 134 in the control group. 33, [35] [36] [37] 39 four studies with a total of 223 patients reported ileus (bowels not open for >5 days or reinsertion of nasogastric tube). there was no difference between groups with 7 of 111 in the la affected by ileus compared with 12 of 112 in the control group (oR 0.7, 0.1-3.4; p = 0.6). 33, 36, 37, 39 only 3 studies reported venous thromboembolism, with 1 of 211 in the la group compared with 3 of 237 in the control group sustaining this complication (p = 0.5). 32, 38, 39 
Wound infiltration
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DISCUSSION
this meta-analysis sought to compare a range of novel la techniques exclusively in colorectal surgery. in comparison with placebo or routine analgesia, la wound infiltration reduced opiate requirements, reduced pain scores on movement at 24 and 48 hours, and improved recovery indices with no increase in complications. although several meta-analyses have compared la techniques (wound catheters, taP block) in various types of surgery, the extent of intra-abdominal dissection and not just the abdominal wall wound is highly likely to have an impact on postoperative pain. 10, 13, 14 Both somatic and autonomic nerves, including afferent fibers of the abdominal vagus nerve, are involved in "neuro-immunohumoral" pain pathways following colorectal surgery. 41, 42 the extent of peritoneal disruption is likely to impact on the degree of postoperative pain, inflammation, and speed of recovery. 41, 42 although the aim of this study was to perform a procedure-specific analysis of la blocks in colorectal surgery, the colorectal procedures included were not uniform (colectomy, left or right hemicolectomy, anterior resection). nevertheless, the restriction to colorectal resections allows some reduction in heterogeneity rather than comparing operations with vastly differing extents of abdominal wound and intraperitoneal dissection, for example, liver resections and caesarean delivery. 43 in comparison with placebo, la infiltration techniques were associated with a significant reduction in morphine at 48 hours. Pain nRs scores tended to be lower at all time points, and pain on movement at 24 and 48 hours was statistically significant. however, this 1.1-and 0.7-point reduction in pain score is less than the 1.3-unit decrement described as being the "minimal clinically meaningful reduction" in 10-point pain score in adults with moderate postoperative pain. 44 Heterogeneity: Tau 2 = 0.00; χ 2 = 7.59, df = 8 (p = 0.47); I 2 = 0% Test for overall effect: Z = 2.42 (p = 0.02) Test for subgroup differences: χ 2 = 1.47 df = 3 (p = 0.69); I 2 = 0% Total (95% CI) 363 392 100.0% -0.61 [-1.11, -0.12] -2 -4 2
Favors wound infiltration Favors control
Heterogeneity: Tau 2 = 0.23; χ 2 = 1.61, df = 1 (p = 0.20); I 2 = 38% Heterogeneity: Tau 2 = 0.00; χ 2 = 0.58, df = 2 (p = 0.75); I 2 = 0%
Open surgery -subfascial position Test for overall effect: Z = 1.55 (p = 0.12)
Test for overall effect: Z = 0.82 (p = 0.41) Heterogeneity: Tau 2 = 1.68; χ 2 = 4.55, df = 2 (p = 0.10); I 2 = 56% Test for overall effect: Z = 0.46 (p = 0.64) more clinically relevant. the reduction in morphine requirements potentially may be responsible for the shorter time to resumption of oral diet (1/2 day) in the la group. length of stay was reduced by 3/5 of a day in the la group compared with routine analgesia or placebo. however, this outcome in most studies will have skewed distribution, making it difficult to draw meaningful conclusions from analyses with the use of the length of stay mean and sD. the anatomical layer in which la blocks are administered is likely to be important. Previously, authors have noted increased analgesic efficacy when la was administered in the subfascial compared with the subcutaneous position. 45, 46 in a meta-analysis of wound catheters, Gupta again demonstrated improved efficacy when a subfascial approach was used. however, unlike the present study, the later study suggested wound catheters were not efficacious following colorectal surgery. 13 With the inclusion of more recent studies reporting outcomes on subfascial wound catheters, the results from the present subgroup analysis suggest otherwise. local anesthetic administered via a subfascial wound catheter appears to be the most consistently effective regimen, significantly reducing opiate requirements at 24 and 48 hours, pain scores at 24 hours at rest, and time until bowel movement. although suprafascial wound catheters in open colorectal surgery reduced pain scores on movement at 24 and 48 hours, more objective outcomes such as opiate requirements were not significantly different in this group. single la taP block administration in colorectal surgery did not reduce opiate usage or pain scores. the taP block studies did not report outcomes beyond 24 hours; therefore, taP block efficacy beyond the first postoperative day is unknown. transversus abdominis plane block was associated with reduced PonV in open surgery only, but not when pooled with laparoscopic surgery. intraperitoneal anesthesia was included in pooled analysis, but subgroup analysis was not performed owing to heterogeneous la regimens and surgery routes.
the main limitation of the present analysis is the statistical heterogeneity of some outcomes resulting from Total events Heterogeneity: Tau 2 = 0.79; χ 2 = 4.60, df = 2 (p = 0.10); I 2 = 57% Test for overall effect: Z = 0.46 (p = 0.64) 37 45 7 1 7
Total events Heterogeneity: Tau 2 = 0..01; χ 2 = 2.09, df = 2 (p = 0.35); I 2 = 4% Test for overall effect: Z = 0.78 (p = 0.43)
Heterogeneity: Tau 2 = 0.49; χ 2 = 18.20, df = 9 (p = 0.03); I 2 = 51% Test for overall effect: Z = 1.01 (p = 0.31) Test for subgroup differences: χ 2 = 5.28 df = 3 (p = 0.15); I 2 = 43.2%
Total (95% CI)
Total events
Total events
Heterogeneity: Tau 2 = 2.39; χ 2 = 3.43, df = 1 (p = 0.06); I 2 = 71% Heterogeneity: Tau 2 = 0.00; χ 2 = 0.04, df = 1 (p = 0.85); I 2 = 0%
Test for overall effect: Z = 0.92 (p = 0.36)
Test for overall effect: Z = 2.56 (p = 0.01) Subtotal (95% CI)
Subtotal (95% CI)
Park et al 2011 37 Walter et al 2013 39 Laparoscopic pooling studies with differing study designs in terms of surgery type and la administration protocol. several of the recovery measures and the reduced pain scores at 48 hours were associated with a low or medium heterogeneity, and we therefore feel more confident at making recommendations based on these analyses. along with the different operation profile discussed above, there were interstudy differences in opiate type, adjuvant analgesia (eg, nonsteroidal anti-inflammatory drugs), and care pathways (eg, enhanced recovery after surgery). however, there were fewer examples of intrastudy differences between treatment groups. in an attempt to make analyses more applicable to each la technique and route of surgery (open/laparoscopic surgery), subgroup analysis was performed. several authors have cited subgroup analysis as an important method to make results more relevant. 15, 17 in an attempt to improve statistical heterogeneity, trials with a combined bias assessment score of <10 were excluded from analysis (data not shown). this did not change the overall direction of results, but it did not significantly improve the statistical heterogeneity or significance of the overall results. other potential limitations are the conversion of opiates to morphine equivalents and conversion of nonparametric data into means and sDs; however, these methods have been used in previously published meta-analyses. 47
CONCLUSIONS
this meta-analysis suggests that novel la blocks are more efficacious than placebo with routine analgesia, and may be usefully integrated as part of a multimodal enhanced recovery program in colorectal surgery. Wound catheters provide effective analgesia for 48 hours, and, although single-administration la techniques appear effective for the first 24 hours, data beyond 24 hours are lacking.
